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FULL~SCALE WIND-TUNNEL AND FLIGHT TESTS OF
A FAIRCHILD 22 AIRPLANE EQUIPPED WITH A ZAP FLAP
AND ZAP AILERONS

By C. E. Dearborn and H. A. Soulé

SUMMARY

A wing eguipped with a Zap flap and Zap ailerons was
tested on a Fairchild 22 airplane in the full-scale wind
tunnel and in flight to determine the effect of the flervs

and ailerons on the performance and the control character-

istics of the airplane. The flaps were 0,70 of the wing

chord and 0.83 of the wing span. Two sets of ailerons hav-—

ing equal arsas but different proportions were tested, one

set being 0.56 of the semispan and 0,18 of the chord and the
other set being 0.46 of the semispan and 0.22 of the chord.

The wind-tunnel tests showed that, when the alJerons
and horigzontal teil surfaces were removed ths flaps In-
creased the maximum 1ift coefficient from 1.48 to 2.39. .
In flight, the fully defiected flaps decreased the minimum
speed from 48.2 to 38.8 miles per hour., The take-~off and

Hin

landing distances were both reduced by the flaps. The wind-

tunnel tests showed the ailerons to increase the drag coef-

ficlent, at a 1ift coefficient and Reynolds ¥NumbeX coTrre-

sponding to the high speed of the alrplane, from 0.0432 to

0.0498 snd 0.,0514, the 0,46 semispan ailerons giving the
highest drag. In the flight tests both sets of ailerons
were found to glve satisfactory rolling action 1lmn the nor-
mel-flight range. They required relatively large stick
forces for their operation, however, and the variationm of
the forces with sileron deflection was not linear,

INTRODUGCTION

At the request of the Bureau of Aeronautics, Navy De-
partment, the National Advisory Committee for Aeronautics
igs conducting a series of tests of diffsrent types of
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flapped wings on g Fairchild.22 airplane, The tests con~
slst of the measurement in the full-gcale wind tunnel of
the primary aerodynamic characterigtics of the airplane
with each type of flap end, in flight, of the determine-
tion of the take-off, landing, and other chargcteristlcs
not readily determined in the wind tunnel. The results
from the Fowler-wing tests are given in reference 1. The
present paper degls with the results of ‘the tests of the
Zap wing.

The Zap wing was fitted with both Zap flaps and-Zep
ailerong. The Zap flap i1s primarily a split flap Ptut 4if-
ferg from conventional installations of flaps of this
type 1n that ite leading e¢dge is moved aft along the lcwer
surface of the wing as the flap angle is increased, go
that the-trailing edge of the flap remsins approximately
under the tralling edge ¢of the wing., The Zap ailerons are
small~chord airfoil surfaces fitted with leading—edge
slats. They are mounted above and slightly forward of the
tralling edge of the wing and are pivoted so that the an—
gles of attack may dbe varied relstive to the wing chord,.

Although the Zap ailerons are usually employed in
connection with Zap flaps, it is not essential that they
be used together. In the present tests, therefore, the
effects of the flaps and ailerons, wherever possible, were
separately determined. '

AIRPLANE AND WING

The Fairchild 22 airplane is a emall externally braced
monoplane equipped with a 32-fvot 10~inch span, 5-foot 6-
inch chord wing of N-22 airfoil section. The area of the
wing is 171 square feet and it weighs approximately 200
pounds. The lateral control is preovided by means of conven~
tional ailerons of 12-inch (G.182c¢c) chord extending across
practically the entire trailing edge of the wing (0.83b).

The Zap wing (figs. 1 to 5 and table I) hag the same
plan form and airfoil section as the standard wing and was
mounted on the Pairchild 22 fuselage with the same angle
of wing setting and the same dihedral angle. It welghed
370 pounds, 170 pounds more than the standard wing. The
flaps had a chord equal to 0,30c., They extended over the
entire trailing edge of the wing with fthe exception of the
rounded tips and a 3-foot cut-out over the pilot's cockplt,
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the span being equal to 0,82%b, When fully deflected, the
flaps made an angle of 599 4o the wing chofd and their
leading edges were 0,80c tack of the leading edge of the
wings Twenty-eight turns of the operating crank located

in the cockpit were regquired to lower the flaps fully. The
relation of the flap position and ‘turns of the operatlng
crank to the flap angle. is given in figure 6. -

S 2; S

Two gets af ailercns &f Clark Y airfoil section having
approximately the same area but differing in aspect ratio
were provided for ingtallation on the wing. Both were fit-
ted with leading—edge slats having chords equal to U.115

of the respedtive aileron chordsgi One set had the gropof«'“

tions of previous installations o6f Zap allerons with a dpai’
of 0.56 b/E and chord of 0.188{ As the pfevious instal~
lations had been unsatisfactory because thée allerons had ap-
preciably lowered the high speeds of the airplanes to which
they had been fitted, the second sét of allerons were ﬂaae
with a span of only 0.46 b/2 ~and & chord of 0.22c¢c on the
assumption that the alleron drag woéuld be decreased with
smgller aileron span. _ ) _ar < FEE

In previous installations eof the Zap ailerons, con-
siderable difficulty bad also been experienced in obtaining
satisfactory stick forces. In nrder that stick forces |
could be investigated, if such an investigation weTe ‘found
advisable, means were provided for locating the aileron’ =~
kinge axes for both sets of ailerons a2t 0,18, 0,20, and
0.22 ¢f the respective aileron chords. ~The leading—edge
slats were also adjustable as to position and angle. The
aileroh mechanism was arranged to operate the allerons
differentially, the maximum up deflection being 80° and
the down deflection 15° from the neutral setting. :

T T = . -~ ek .,

WIND~TUNNEL TESTS L

Test Conditiong

All wind-tunnel tests were made without the horizon-
tal tail surfaces and propeller (fig. 5). The first tests
determined the aerodynamic characterigtics of the airplane
with the flap set at 0°, 20°, 40°, 50°, and 59° and with °
no ailerong. The tests with the flap at 0° and 59° were
repeated with both sets of ailerong. The 0,l8c alleroduns
were tested both with and without slats, the 0.52c¢ aller-
ons only with slats. These tests wefe made at a tunnel
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speed of approximstely 57 miles.per hour and covered an
angle~of-attack range from =152 to 20°, Tests were then
made over & speed range from 25 to 80 mileg per hour to
determine the gcele effect on the maximum 1lift coefficient
for-the flsp-~up and flap~-down positions with ne ailerons.
The scale effect on the minimum drag coefficient was in-
vestigated over a speed range from &0 to 120 mlles per
hour with the flap up, with the ailerons removed, and with
the three aforementioned alleron arrangements.,

Results and Discussion

The results have been corrected for wind-tunnel ef-~
fects and are presented in curve form in figures 7 to 13.
The curves of 1lift; drag, and piltching-moment coefficlents
plotted against sngle of attack are shown 1in figures 7, 8,
end 9, as determined from tests at an air—-stream veloclty
of approximately 57 mileg per hour. Figure 10 presents a
portion of the dats replotted_in the form of polars, The
results of the scsle-effect tests are presented in figures
11, 12, and 13.

The 1lift curves (fig. 7) for the various flap settings
investigated show normal varigtions with flap pesition in
that as the flap was lowered the angle of gero 1l1lft occurred
at larger negative angles of attack, the slops of the curves
remaing essentially constant, and the stall occurrecd at ap-
proximgtely the same angle of attack. With the flaps up
the peak of the 1lift curve is well defined and fairly smooth,
but with flaps down the curves show a consistent "hystere-
sig" erffect as the angle of attack was incregssed beycnd the
gtall and then reduced. Avparently the wing was unabdble to
reestablish smooth flow conditions after the burble had once
set in and the angle of attack was reduced 2% or 2° below
that at which the wing originally stalled. This phenomenon
results in a system of double vesks in the 1ift curves and
gives two possible values for the maximum 1ift coefficlent.

These values of CLmax for the various flap settings are
tabulated below,
Flap deflection chax
degrecs A increasing ap decreasing
0 l.48 1.48
20. 1.96 1.89
40 : - 2,28 : 2.21
50 2.37 2,28
59 2. %9 2.27
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The curves of 1lift, drag, and pitching-moment coeffi-
clents plotted against angle of attack are shown in fig-
ures 8 and 9 for the airplane as tested with the 0.18c and
0.22c gllerons. A comparigon between the curves on these
figures and those of figure 7 indicates the effect of the
ailerons on the serodynamic characteristics of the alr-
planss In general, the installation of the Zap allerons
decreased the 1ift of the airplane and increased the drage.
This result is illustrated more clearly by the polars

shown in figuré 10 for the airplane with and without thé =

. 0.18¢ gilsrons. It is evident from these polars that the

ailerons would have a marked adverse effect on the perform—

ance of the airplane,

The effect of the neutral setting of the aileron on
the characteristics of the airplane was investigated in
preliminary tests in which the 0,18c allerons were tested
at several angles from 0° to 60 to the wing chord. "The re-
sults of these tests are not shown by separate curves as
it was found that, irrespective of aileron setting within
this range, the nolars of the airplane were identical with
that shown in filgure 10 for the O.l8c¢ ailerons set at 39,

Figure 11 shows the scale effect on the minimum drag

coefficient of the airplane for four conditions: ailerons

off, 0.18c ailerons with slats, 0.18c allerons without
slats, and 0.22c ailerons with slats. As preliminary com-
putations had shown that the high speed of the airplane
would correspond to a 1ift coefficient of approximately )
0.2, figure 12, showlng the scale effect on the drag coef-
ficient at this 1ift coefficient, has been prepared and
included. The curves for the alrnlane without the aller-
ons are very smooth. :The corresponding curves for the
different aileron conditionsg, however, are much less con=
sistent and show some scattering of individual points,
which would indicate that the gilerons and thelr supports
produce relatively large and unstable interference effects.
The following table gives the minimum drag coefficient and
the drag coeffilcient at a 1ift coefficient of 0,3 for the
various alleron'conditions at an air speed of 100 miles
per hour, In gddition, the increase ln drag resulting
from the allerons is tabulated as a percentage of the min-
imum drag of the alrplane without allerons and as a per-—
centage of the estimated drag coeff101ents for the wing
alone. . _ R
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AC AC
Dnin Dyin _ A¢p
. CDmin* CDmin* Cp at |ACp at CD*
Aileron CDm Aép *(with no | *(for wing Ly, 0.3 (C;, 0.3 *(with no
condition in min loilerons) | alone esti-| ailerons)
: mated) _ at
Cr, 0.3
percent percent "{ percent
No ai-
lerons 0.0411 - - - 0.0432 - -
0.18c ai-
leron; .
slat off .048010.0049 11.9 57.6 .0488 0.0Q56 13.0
0.18c ai-~ ' !
leron,
slat on .0473| .0062 15.1 73.0 .0498| .00866 15.3
0.22¢ ai~
leron,
slat on .0484] 0073 17.8 26.0 .0514{ .0082 19.0

The table shows that for a 1lift coefficien}t of 0.3
the increase in drag resulting from addition of the ai-
lerons was consideratly greater than for the minimum-drag
condition; also, that the ailerons with the shorter span
gave the greater drag.

Curveg of maximum 1lift coefflcient pletted against
Reynolds Number are shown in figure 13 for the Fairchlld
22 ailrplsne with the flaps up and down, The curves show
that the scale effect on maximum-1ift coefficient was less
with the flsp down than with the flap up.

Performence Computatlons

Figures 14 and 15 illustrate the .effect of the Zap
flap and ailerons on the performance of the airplane.,
They pregent velocity diagrams and horsenower curves, re-
spectively, and are based on the data from the full-scale
wind tunnel. It should be avvreclated that, although they
show the effect of the flap and eilerons on the perform-
ance of the airplane, they do noit accurately represent the
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true performance becausse, in particular, the horizontal
tail surfaces were not in place during the tunnel tests
and the horsepower—available curve used is only approxi-
mate. :

Computed gliding characteristics.~ The effect of the
Zap flap and ailerons on rthe gliding characteristics of
the airplane is shown hy the lower curves of the velgclty
diagram (fig. 14)., The vrincipal items of verformance as
shown by the curves are given in the following tabdle.
Comparative data for the alrplane fitted with an N.A.C.A -
CYH wing, which have already been used as a basis for com—
are also given in the tabdle. Un-
der "Equal disposable load allowance has been made for
the greater weight of the wing fitted with the Zap flab
and allerons. '

Gliding angle|Horizontal distance
Minimum speed|Minimum| at minipum traveled during
. gliding| speed 100-foot descent
Wing Weight Flap | Flap engle Plap | Flep | Meximum | Minimum
up | down up down
lb. |m.p.h.|m.p.h.| deg. | deg. | deg. ft. ft.
Zap
No ailer- .
ons 1,600 49.3 | 38.4 5.6 7.4 13.7 1,020 410
0-226 a.i" . A
lerons 1,800 49.9 | 39.5 5.9. 7.7 13.9 967 410
N.A.C.A.
CYn
Equal gross
weight 1,600 50.6 - 5.4 7.4 - 1,058 770
Equal dis-
posabdle .
load 1,430| 48.0 - 5.4. 7.4 - 1,058 777

The tabulated values show that the minimum speed and

minimum gliding angle of the airplane with Zap flaps down
were slightly increased by the installation’ of the ailerons.
As compared with the N.A.C.4A.

CYH w1ng,
spite the increased wing weight,

the Zap flap,

de-

gave a decrease of 8.5
With the Zap flap a

miles per hour for the mlnimum snned.
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possible variation of the gliding angle of 8,1° was ob-~
tained from the maximum L/D to the stall, as compared
with 2° for the N.A.C.A. OYH wing.

Computed power—on charscterigtigg.~ The results of
the computations for power-on flight are illustrated by
the upper curves of figure 14 and by figure 15. The com-
plete power-required curves of figure 15 and the curves of
flgure i4 were computed on the basis of wind-tunnel data
for a test velocity of 57 miles per hour. The portionsg of
the power—~required curves for a test velocity of 105 miles
per-hour are glven in figure 15.

The principrl items of the power-on performance as
shown by the figures 1ncluding gimilar data for the N. A Ceh.
CYH wing are given in the following table.

. - High speed
Ving | Weight [Maximum rate | (geq¢ velocity =
of climb 105 m.p.he)
1lb, ft. per min. mePehe.
Zap (flap up) )
No ailerons s 1,600 580 11,8
O.22c ailerons 1,600 537 104,2
N.A.C.,A., CYH. :
Equal gross weight 1,600/ 594 110.6 -
Equel disposable :
load 1,430 715 114.9 \

The table shows that the Zap flap had very little ef=—
fect on the power-on performance as compared with the
N.A.C.A. CYH wing, except for the climb with the lighter
welght, The—increased weight accompanying the installation
of the flap and ailerons accounted for a reduction in the
maximum rate of climb by avproximately 135 Feet per minute
and the maximum angle of climb by l.6°., The Zap ailerons,
however, had considerable adverse effect on the perform-
ance, the high speed in particular being reduced from 113,.8
to 104.2 miles per hour. If constant gvailable horsepower
as could be obtained with g propeller especlally suited to
the Zap wing instsllation is sssumed, the high speed with
the Zdp ailerons would ‘be increased from 104.2 to 106.2
miles per hour,



N.A.C.A. Technical Note No. 596 9
FLIGHT TESTS : S S

The flight tests. consisted of preliminary flights %o
obtain satisfactory arrangements of the allerons for the
rest of the tests; the measurement of the aileron charac-
teristics for the arrangements found; and the determina~
tion of the effect of the flap on the low speed of the
airplane, the take-off and landing run, and the longitudi-
nal stability and control characteristics. Aileron.effec-
tiveness was determined by measurement of the maximum an-
gular acceleration and rate of roll .that .could be obtained
with the ailerons. The low speed of the airplane was meas-
ured by an air-speed recorder that had previously been cal- .
ibrated against the suspended pitot head. The take-off ——
and landing runs were measured by means 6f the method de-
scribed in reference 2, involving the use of a phototheoir
olite. The effect of the flap on the longitudinal stabil-
ity and control characteristics was determined by pilots?
observations. The flap-operating force was measured by a
spring balance attached to the flap-operating ecrank, For
the tests of the flans, the 0.22c allerons were installed
on the alrplgne.

Tests with Zap Allerons

Preliminary flightg.~ As the reduction of aileron
span was shown by the wind-tunnel tésts to have sai adverse
effect on the aileron drag, it was evident that the ailer-
ons need further development if their drag is to be reduced.
For this reason a complete investlgation of the stick forces
utillzing all the adjustments available was nat congidsered
warranted at the present time. In the preliminary flights,
an attempt was made cnly to obtain stick forces sufficient-
ly satisfactory for compgrison of the effectiveness of the
two sets of ailerons and for the flap tésts. The aileron
leading-edge slats were placed in a position (fig. 2) as
closely as possible to that found most satlsfactory by the
Zap Development Corporation in previous tests on an Aris-
tocrat airplane., The 0.18c ailerons were hinged at O. 18cg
With thls aileron arrangement the stick forces were fair-
ly large 1n the high-~speed range but, in the slow-speed
range with the flap down, the forces were g0 small that
the stick -would not return completely to neutral after be-
ing fully displaced. These ailerons were not tested with
the 0.20c, and. O.22¢c, hinge positions. The O0.22c ailerons
were tested with the hinge axis located at 0.18cy and 0.20ca.
With the 0.18cy position of the hinge axis, the cohtrol
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forces were too heavy throughout the entire speed range.
With 0,20cy location of the hinge axis the 0.22c allerons
had approximately the same variation of stick force as dld
the 0.l8c ailerons hinged at O.18cy. With both sets of ai-
lerons, in addition to being too heavy for comfortable op-
eration at high speed, the forces did not vary progres-
sively with deflection. The forces rapidly increased with
amgll deflections, then decreased over a small portion of
the range, and increased again as maximum deflection was
anproached. :

Lateral-control effectiveness.— The lateral-control
effectiveness, asg indicated by the maximum angular accel-
erations and velocities in roll that could be obfalned
with the gilerons at various alr speeds with the flap up
and down, was determined for each set of aileromns. The
arrangement of the allerons for the tests 1s given in fig-
ure 2. The results are given in figures 16 and 17, along
with similgr results obtained with the standard Fairchild
22 gilerons (reference *)., Both sets of Zap ailerons had
approximately the same effectiveness, the 0.18c¢c allerons
giving slightly greater rolling accelerations.and the O.22¢ .
ailerons the greater rolling velocity. The alleron effec— .-
tiveness was increased at a given air speed by lowering
the flapse A4t the stall with the flaps down the ailerons -
wore as effective as at the stall with the flgps up, de—~
soite the lower speed. The Zap ailerons were appreciably
more effective than the standard ailerons for the airplane.

The rolling-moment coefficients derived from the meas-—
ured rolling accelerations and velocities and from the mo-
ment of inertias about the longitudinal exis obtained by
the methcd described in reference 3 are given in figure 18.
Comparative data cn the gtandard allerons are included.
The rolling-moment coefficients are approximately equal
for the two sizes of Zap allerons and are about twice those
for the standard ailerons. The Fact that the dlfference
in the rolling accelerations between the Zap and standard
ailerons is small results from the different moments of in-
ertia of the wings on which they were tested, the moment
of inertis of the Zap wing being almosgt twice that of the
standerd wing. Part of the difference in the moments of i
inertia is attritutable to the flap and part to the Zap
ailerons themselvegs. If the tests had been made with com-
varable wing construction, i.e., with a wing without flap,
the rolling acceleraticns of the Zap_ailerons would have
been greater relative to those for standard ailerong than -
ghown in figures 16 and 17 but not so much.greater as



N.A.C.A, Technical Note No. 596 11

.would be indicated.by the difference in the rolling-moment
coefficients. The maximum rolling velocities would be on= o
ly slightly affected, ) o T ’

The control above the stalling angle ‘and the yawing
characteristics were obtained from observations by the pi-
lotse They reported that the Zap ailerons gave very lit-
tle, if any, control above the stall and that the yawing
action due to the ailerons was adverss and of the magni-
tude of that for the standard ailerons.

Lgteral-control force.~ The stick forces required for
abrupt. full deflection of the allerons were recorded at
two air. speeds, one in the low~speed range where the foroes
were satisfactory and one in the high~speed range.where the
forces were considered heavy. The data are given in the
following table:

0.,22¢ allerons " 0e418c ailerons
v Control force v Control force
mcnvhn" 1b, mJ'pth. 1b,
Flaps up . 5O 5.8 52.5 4,0
- b 98.7 14.6
Flapg down 42,2 4.8 40.6 . 3.1
73,5 13.7 4.6 2.0

Tests with Zap Flap

Minimum speed.~ The minimum speeds of the airplane.
with the Zap flap up and down were determined because the
values of maximum 1ift coefficient given by the tunnel
tests did not correspond to those for the airplane as
flowne. The horizontal taill surfaces were not.in place
during the tunnel megsurements and, prior to the flight
tests, it was found necessary to taper the inboard ends of
the flap (fig. 1) to reduce vibration of the horizontal
tall surfaces., The flight dats for the two flap condi-
tions are tabulated below:'
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[Propeller stopped in vertical position., Welght, 1,600 1b.]

Vmin i A
m-P-h.
Flap uvo _ 48,2 - 1.55
Flap dawn 38.8 2.34

As was the case with the Fowler wing (reference 1)
the meximum 1ift coefficients obtained in flight for the
Zap wing were appreciably greater than those obtained in
the full-gscale tunnel, A comparison of the fllght and.
wind—-tunnel values follows:

c
Imax
Flap up Flap down
Flight T ) 1,58 2434
Full~scale .tunnel (no hori-
zontal tail) 1,49 2,27
Full-scale tunnel (fail,corq -
rection applied) 1.42 2.14

An investigation to determine the cause of the dis-
crepancy is being made. Preliminary results of thie in-
vestigation indicated that at legst & part of the discrep-
ancy was caused by the fact that in flight the maximun
lift was obtained by slowly increasing the angle of attack
until the stall is reached, whersas the wind-tunnel meas—~
urements were mgde with the airplane stationary.

Take~off characteristics.— Figure 19 gives the effect
of flap vosition on the take-off _ground run and dlstance
required to attain an altitude of 50 feet., Prior_t%to the
take~off tests, flights were made to determine the reading
of the pilet'!'s sir-speed indicator at the stall with full..
throttle for each flap position, In the take-off _runs the
tail skid was raised off the ground as soon as possible,
During the acceleration run, the fuselage was held approx-—
imately horizontal until a speed 2 or % miles per hour in
excess of the stalling speed was reached. The pilot then
pulled the airplane off the ground and mgintalned as close-
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ly as possible the take—off speed until he attained an al-
titude of 50 feet,

Figure 12 shows that the flaps produced a considersg-—
ble decrease in beth the ground run and the distance r¥e=
quired to clear the ground by 50 feet. It should be ndted
that the flap position for the shortest take-=off run was
critical. The minimum ground run occurred with the flap
down approximately 24°. With this setting the run was 365
feet as compared with 475 feet with the flap up. The run
required from the start to clear the ground by 50 feet was
shortest with the flap down approximately 20° With this
setting the take~off run was 715 feet as compared with "~ 7 7
1,025 feet with the flap up. The airplane was incapabdle
of taking off when the flap was down its full extent, a
fact to be expected from observation of figure 15.

Landing characteristicg.~ The Zap wing was investi-
gated for normal braked landings, which is the type of
landing a pilot would make after he had become familiar
with the handling characteristics of the airplane, In the
landings, the distance traveled in the alr from an alti-
tude of 50 feet to ground contact and the ground run wersd
separately measured. Landings were made with flap up and
flap down and the results of these landings are given in
figures 20 and 21, With the flap up the minimum landing
run was 1,071 feet, of which 672 feet were air run and 399
feety, ground run, The minimum air run and the minimum
ground run, with the flap fully down, were each 243 feet,
From these regults it can be seen that the air run was ré-—
duced 64 percent and the grcund run 39 percent by the use
of the flap. The total reduction In landing rfid was 585
feet, or 54,5 percent. : ‘ .

Flap control force,~ The force regquired on the crank
to operate the Zap flap was practically constant for the
full range of deflection and averaged approXimately 3 B
pounde. It varied slightly with speed but, up to a speed
of 70 miles per hour, did not exceed 4 pounds. The force
applied to the leading edge of the-flap pargllel to the
slide was 43 times the force on thé cranke. Past experi-
ence has shown that the control force could be about twice
as great and still be considered satisfactory. For this
reason it 1s concluded that the gear ratio in the Zap
flap~retracting mechanism could be changed to permit the
flap to be raised and lowered with half the present num-
ber of turns of the operating crank without increa31ng the
operating forece to an unsatisfactory value. . '
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Effect of the flgp on the longitudingl-control chgr-
acteristicg.~ The Zan flap as origlinally instelled caused .
conglderable buffeting of the horizontal tail surfaces.
Observations made.during the tunnel tests showed that a
series of . vortices with axes narallel ${o the wing span
were shed by the trailing edge of .the flap and impinged
directly on the stabilizer. The buffeting was ellmineted
by taperling the inboard ends of-the flap from points cut-
board of the tail-surface svan (fig. 1). The large sta-—
bilizer developed in connection with the Fowler tests of
refurence 1 was uwsed with the Zap wing, No difficulty
was experienced.with the longitudinal stability or ean-
trol characterigtics, although lowering the flaps tended
to make tioe airplane balance at a lower angle of attack —
for a given stabtilizer setting._

CONCLUSIONS

le The Zap flaps inereased the maximum 1ift coeffi- —
cients of the airplane withcut the ailerons or the hori-
gzontal tail surfaces from 1,48 to 2.7%9. .

2s The megsured minimum speed of the Fairchild 22
eirpvlene wase reduced from 48.2 to 38.8 miles per hour by .
full deflection of the fleps.

¢y The landing run from an dltitu&e of 5Q feet_waé L
reduced from 1,071 to 486 feet.

4, The flaps reduced the distance requjired to take
off and attain an altitude of 60 feet from 1,025 to 715
feet, the minimum distance belng attained with approxi-
mately one-third flgp deflection.

5, The Zap silerons were shown.by the wind-tuanel
tests to cause & large increase in-the drag of the alr-
plane, at o 1ift coefficlent and Reynclds Number corre-
sponding tv high speed, the 0.,22c¢c allerons increasing the
drag coafficlent from 0.043%2 ftoc 0.,0514. Computations
showed that this drag increasc will reduce the high speed
of this alrplane from 113.8 to 1l04.2 milea per hour. .

6 The shorter—snan ailerons nroduced e slightly
greater drag than the larger ones. -

7« The flight tests showed that the Zap allerons
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gave satlsfactery rolling action throughout the normal-~
flight range bdbut gave very little, if any, control above
the stall.

Be The stick forces required for the operation of
the ailerons were too high for an alrplane of the size of
the Fairchild 22 airplane. Also, the variation of &tick
force with deflection is irregular and not linear, as
would be desirgble.

Langley Memorial Aeromnautical Laboratory,
Nationgl Advisory Commlittes for Aeronautics,
Langley Field, Va., March 4, 1937,

REFERENCES

1, Dearborn, 0. H., and Soulé, H. A.: PFPull-Scale Wind-
Tunnel and Flight Tests of a Fairchild 22 Airplane

Equipped with a Fowler Flap, T.N., No. 578, N.A.C.A.,
1938,

2. Thompson, ¥. L., Peck, W. C., and Beard, A. P.: Air
Conditions Close to- the Ground and the Effect on
Alrplane Lagndings. T. R No. 489, N.A.C.A., 1934,

%, Souléd, H. A., and McAvoy, W. H.: Flight Investigation
of Lateral Control Devices for Use with Full-Span
Flaps. T.Re No. 517, N;A-cvo, 1935.



16 N.A.C.A. Technical Nots No. 596

TABLE I
CHARACTERISTICS OF FAIRCHILD 22 AIRPLANE

WITH A ZAP FLAP AND ZAP AILERCNS

¥ing: : c e - -
Area, S « ¢« + « 4 + « 4 « « « . « 171 sg.ft.
Span, ® . . . . .00 . e e e 32 ft. 1C in,
Chord of basic airfoll, ¢ . . . . 5 ft. 6 in.
Aspect ratio . . . . .« . . . . . 6.3
Airfoil sectlon . . . « + « . . & N-22
Angle of wing setting . . . . . . 1°
Dihedral . . . . 4 + 4 4 o o . - 10 ‘
Zap_ flap: : C L. -
Total areéa . . » &« + &« « = + « « « 40.8 sq.ft.

Spa’n! bf‘— L] . . . . . [ - . . . . 13 f’b; 6 in.

'Ghord, c% ‘... e+ e + e 4 x4 4 . 19,7 in.
Maximum deflection .; v w6 e Wt 590.
Ailerong: | u' . i -

O.18¢c 0.22¢

Area (each) « « ¢« . « . . B.75 sq.ft. 8.85 sqge.ft.

Span (each) . + . .« . . 8 ft. 10.3 in, 7 ft. 4 in.

Chord, e e « + « « . . 12 inmn, 14.625 in,

Balance . e e e e e e 4,2 in. 4,7 in,

Neutral setting (relative
to wing chord) « « « « « « + « o Up 3°

Deflection from neutral . ., . . . Up 30°
Down 15°
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TABLE I (Continued)
Stabiliger:
Area « o« o ¢ v 4 4 v v v 4 s s . . 27 ggeft.
SPan  « ¢ ¢« i s e e e e e e e 10 f£t.
Deflection (relative to thrust e

aXis) . . s ¢ o e & » . « e . UD to 4510
Dawn 2.50

.A.I‘Ga. . o . 2 - « . . - . . . . . 10.4 Sq_-ftc
Deflection (relative to thrust o
8Xi8) o 4 e a0 e e e e e s Up 28°
Down 27°
Distance from L.E. of wing to _ o
elevator hinge . . . . . . . . 14 ft. % in. or 2.59c
Ein:
Ares . . s e o . . . « » « e« . 4.1 Sq-ftc
Rudder:
Area  « ¢« « o ¢« s 4 4« 4 e s+ 2 s B sg.ft.
Deflection « + « « « + « « « « » . Right 20° _ - —
' Left 20° -
Neight data:
Weight "« ¢ ¢« ¢ ¢« « &« « + & &« o+ « 1,874 to0o 1,600 11,

Cege DVoOsition:

Aft L.E. of wing 18-1/8 in. 27.5 per-
cent ¢
Below thrust axis 5/8 in.
Moment of inertig about longi- _ o S -
tudinal axis 1,182 slug-ft.2
Englne:

Four~cylinder inverted air-cooled Cirrus —

Rated horsepower 95 at 2,100 r.p.ma
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Figure 3.~
Fairohild 23
alrplane
with Zap
flaps in the
up position.

Figure 4.-
Fairchild 33
alirplane
with Zap
flaps in the
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Figure 5.~
Fairchild 23

airplane
with Zap
wing
mounted

in the
full-soale
wind tunnel,
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Figure 20.- Normal landings of the Pairchild 22 airplane with the Zap flap up.
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